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Abstract

Background To investigate the safety and feasibility of the completely medial access by page-turning approach (CMAP)
for laparoscopic right hemi-colectomy.

Methods In this retrospective study, the data from 72 patients who underwent laparoscopic right hemi-colectomy with CMAP
were analyzed and compared with data from 124 patients who underwent the conventional medial approach performed by
the same surgical team from September 2011 to March 2017.

Result Complete mesocolic excision (CME) was achieved in 67 of 72 patients (93.1%) with laparoscopic CMAP. The aver-
age operation time, blood loss, and specimen length was 135.9 +28.3 min, 63.2+32.2 ml, and 23.9 +4.7 cm, respectively.
The number of lymph nodes harvested was 20.6 + 7.7, the time-to-flatus was 2.5 + 0.8 days, the time-to-fluid intake was
3.2+0.8 days, and the average hospital stay was 8.9 +4.7 days. No intra-operative complications occurred in this study.
The vessel-related complication and total post-operative complication rate was 2.78% (2/72) and 6.94% (5/72), respectively.
Conclusions Laparoscopic CMAP was an alternative approach for CME in laparoscopic right hemi-colectomy, which was
proved safe and feasible for right colon cancer.

Keywords Complete mesocolic excision - Laparoscopic right hemi-colectomy - Anatomic variation - Medial access
Bleeding - Page-turning approach

Based on the concept of total meso-rectal excision (TME),
which is now the standard approach for rectal cancer [1].
Prof. Hohenberger developed complete mesocolic excision
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(CME) for colon cancer, stating that the mesocolon is cov-
ered by an envelope composed of visceral and parietal fas-
cia. The technical strategies for CME include the following:
separation of visceral and parietal fascia; central ligation of
vessels; and radical lymphadenectomy. In the Hohenberger
study [2], the patients who underwent CME had a lower
local recurrence rate (6.5% vs. 3.5%) and better survival
rate (82.1% vs. 89.1%). Other studies have supported this
result [3—6]. It is widely accepted that laparoscopic CME
is comparable with open surgery in terms of the radical-
ity, pathology, and oncologic outcome, and even better with
respect to short-term outcomes (especially pain, blood loss,
and complications) [7, 8].

CME is often characterized by two major access(lateral-
to-medial access and medial-to-lateral access) [9]. The
medial-to-lateral approach is traditionally adopted in lapa-
roscopic CME for right colon cancer. Due to the surgical
complexity of the right colon, such as searching for surgi-
cal planes, locating tributaries of the superior meso-colic
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vein (SMV), and avoiding bleeding from Henle’s trunk, the
standard CME is more difficult to achieve during laparo-
scopic right hemi-colectomy than laparoscopic left hemi-
colectomy. To address these problems, various laparoscopic
and open techniques have been described in the literature,
as follows: uncinate process first approach; initial retro-
colic endoscopic tunnel approach; or suprapubic approach
[10-13]. Based on our previous work, we presented this opti-
mized CME approach (completely medial access by page-
turning approach [CMAP]), which has been shown to be
safe and feasible.

Methods
Patients

This retrospective study involved 72 patients who under-
went laparoscopic CMAP due to right colon cancer and 124
patients who underwent a conventional medial approach
between September 2011 and March 2017 by the same sur-
gical team. All patients provided informed consent and this
study was approved by the Ethics Committee of Ruijin Hos-
pital, Shanghai Jiao Tong University School of Medicine.

The inclusion criteria for patients were as follows: (1)
pathologically confirmed with carcinoma of the cecum,
ascending colon, or hepatic flexure; (2) pathological tumor
staging was stage I, II, and III according to the 7th edition of
the UICC tumor classification; (3) tumor diameter <7 cm;
and (4) underwent laparoscopic right hemi-colectomy.
Patients were excluded for the following reasons: (1) pres-
ence of distant metastases; (2) synchronous or double pri-
mary cancer; and (3) emergency.

Surgical techniques

The preparation for surgery, patient position, surgeon loca-
tion, and insertion of trocars were the same as previously
reported [14]. All of the procedures complied with the prin-
ciple of laparoscopic CME. Related videos were shown in
Supplement Video 1.

Key steps for CMAP (Figs. 1, 2):

1. Starting point Take the projection of ileocolic vessel as
the starting point, and confirm the location of SMV;

1) Dissection of the SMV Expose the entire trunk of the
SMYV up to the level of the inferior edge of the pancreas
before ligating any branches for the purpose of verifying
the location;

2) Exploration of the surgical plane Enter the intermes-
enteric space (IMS) and right retro-colic space (RRCS)
with cranial extension through the transverse retro-colic
space (TRCS);
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Fig. 1 The surgical procedures of CMAP. A Start point: Projection
of ileocolic vessel, to confirm the location of superior mesenteric
vein(SMV); B Dissection of surgical trunk: Expose the whole trunk
of SMV to the level of inferior edge of pancreas before ligating any
branches; C Exploration of surgical plane: Enter to IMS and RRCS
with cranial extension through TRCS, keep the mesocolon intact; D
Dissection of vessels before removing the tumor en-bloc
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Fig.2 A Anatomy and surgical planes concerning CMAP. B Schematic diagram of CMAP

3) Removal of the mesocolon Mobilize the mesocolon com-
pletely and remove the tumor en bloc.

All of the surgical steps are conducted as if turning
pages (Fig. 1).

Operation and pathology assessment

Videos of the operation and and photographs of the speci-
men were recorded for assessing the quality of the surgery
and CME by three independent professional observers,
according to the grading system introduced by West et al.
[15], as follows: (1) mesocolic plane (good plane of sur-
gery; intact mesocolon with a smooth peritoneal-lined
surface); (2) intramesocolic plane (moderate plane of sur-
gery; partial mesocolon with irregularity, but the incision
do not reach the muscularis propria); (3) muscularis pro-
pria plane (poor plane of surgery; little mesocolon with
incision extending down to the muscularis propria).

The following data were also recorded: operation time;
blood loss; number of lymph nodes harvested; length of
specimen; time-to-anal exsufflation; time-to-liquid diet
intake; duration of hospital stay; and complications and
mortality within 30 days.

The pathology-related outcomes were assessed and
recorded by pathologists in the Pathology Department,
including histologic TNM stage, grades of differentia-
tion, length of specimen, and number of lymph nodes
harvested, etc.

Statistical analysis

Quantitative variables were described with the mean + stand-
ard deviation or median. Differences in variables were
analyzed using Student’s  test and »? test. All data were
analyzed using SPSS software (version 15.0; SPSS, Inc.,
Chicago, IL, USA) with a significance level set at p <0.05.

Results

Seventy-two patients (40 males and 32 females) diagnosed
with right colon cancer underwent laparoscopic CMAP.
There were 14, 31, and 27 patients diagnosed with carci-
noma of the cecum, ascending colon, and hepatic flexure,
respectively. There were 8 poorly differentiated cases, 50
medium-differentiated cases, 11 well-differentiated cases, 2
adenocarcinoma combined with myxadenocarcinoma, and 1
signet ring cell carcinoma. The median age of patients was
65 years (range 37-80 years). The median BMI was 21 kg/
m? (range 1639 kg/m?). There was no significant difference
between the CMAP and control groups (Table 1).

For the quality of the specimens in the laparoscopic
CMAP group, 67 (93.1%) cases belonged to the mesocolic
plane and 5 (6.9%) cases belonged to the intramesocolic
plane. The average operation time was 135.9 +28.3 min, the
average blood loss was 63.2 +32.2 ml, the average length
of specimen was 23.9 +4.7 cm, the number of lymph nodes
harvested was 20.6 + 7.7, the time-to-flatus was 2.5+ 0.8
days, the time-to-liquid intake was 3.2 +0.8 days, and the
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Table 1 Patients’ characteristics

Characteristic CMAP group (n=72) Control P
group
(n=124)
Sex p=0.08
Male 40 53
Female 32 71
Age 65 (37-80) 63 (32-89) p=0.51
Tumor location p=0.68
Cecum 14 25
Ascending colon 31 60
Hepatic flexure 27 39
pTNM stage p=0.14
| 13 11
I 22 47
I 37 66
BMI (kg/m?) 21 (16-39) 23 (18-35) p=0.94

average hospital stay was 8.9 +4.7 days. There was no sig-
nificant difference between the CMAP and control groups,
except that the blood loss was significantly less in the CMAP
group (p <0.01; Table 2).

There were no intra-operative complications, i.e., ure-
ter injury, gastrointestinal damage, and subcutaneous
emphysema. The vessel-related complication and total

post-operative complication rate of CMAP and control
group was 2.78% versus 5.65%, 6.94% versus 8.87%, respec-
tively. All of the patients with complications were treated
conservatively, except one patient required re-operation in
the CMAP group because of gastric epiploic vessel bleeding.
No patients died during the study.

Discussion

Curative surgery is standard treatment for colorectal cancer
patients. Although it is widely known that CME is based on
the anatomy of the mesocolon, there are few studies describ-
ing the accurate anatomic structures, which is of great sig-
nificance for surgeons performing CME. Culligan et al.
[16] formally characterized the mesocolic anatomy for the
first time as continuous from the ileocecal to rectosigmoid
level based on both macroscopic and microscopic findings.
The mesocolon was separated from the retroperitoneum by
mesothelial and connective tissue layers (i.e., Toldt’s fascia),
which forms the ideal surgical plane for CME and explains
the better clinical outcome of CME. There is a global con-
sensus that CME has a lower local recurrence rate and a
better survival rate. In a recent study, Bertelsen et al. [17]
demonstrated that CME was a significant independent pre-
dictive factor for higher disease-free survival (DFS). Based
on propensity score matching, the 4-year DFS after CME

Table 2 Intra-operative and
post-operative outcome

Characteristic CMAP group Control group P
Operation time(min) 135.9+28.3 130.8+25.8 p=0.20
Blood loss (ml) 63.2+32.2 103.7+28.9 p<0.01
Vessel-related complications 2(2.78%) 7 (5.65%) p=0.35
Specimen length (cm) 23.9+4.7 22.5+5.1 p=0.07
Number of lymph node harvest 20.6+7.7 20.3+10.1 p=0.82
Assessment of mesocolic plane p=0.78

Mesocolic plane 67 (93.1%) 114 (91.9%)

Intramesocolic plane 5 (6.9%) 10 (8.1%)

Muscularis proparia plane 0 (0%) 0(0%)
Post-operative recovery

Flatus recovery time (days) 2.5+0.8 23+1.5 p=0.23

Liquid intake time (days) 32+0.8 3.1+1.7 p=0.58

Hospitalization (days) 8.9+4.7 9.6+4.2 p=0.28
Postoperative complications 5 (6.94%) 11 (8.87%) p=0.63

Anastomotic leakage 1 2

Chylous leakage 1 0

Bleeding around greater curvature 1 2

Urinary tract infections 0 3

Paralytic ileus 0 1

Wound infection 1 2

Respiratory complications 1 1
Mortality within 30 days 0 0 -
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and non-CME was 85.8% and 73.4%, respectively. Laparo-
scopic CME is suggested as the gold standard approach for
colon cancer as CME provides better short-term outcomes
and comparable long-term survival with open surgery.

Our team reported the feasibility and technical strat-
egies of laparoscopic CME in 2012 [9], followed by two
approaches for medial access [18] [hybrid medial approach
(HMA) and completely medial approach (CMA)]. After
accurate identification of the surgical planes and spaces,
CMA provided a shorter operation time and fewer vessel-
related complication; however, during our following laparo-
scopic CME for right colon cancer, some difficulties arose:
(1) Surgeons may face the technical limitations of a “lever-
age” or “tunnel” effect during the operation, which means
some important structures might be jeopardized involuntar-
ily during the operation. (2) There are anatomic variations
of the superior mesenteric artery (SMA) and SMV branches,
especially Henle’s trunk (HT). All of the tributaries must
be recognized before dissection and ligation. (3) RRCS and
TRCS are the most important surgical planes in CME for
right colon cancer. It will be easier and safer to ligate the
vessels and mobilize the bowel after fully exploring the
RRCS and TRCS. After all these, CMAP was commenced
in our center since 2011.

This study demonstrated that the intactness of the meso-
colon was achieved in 93.1% (67/72) of patients, comparable
to other reports 86-94% [7, 13, 19]. West [5, 6, 15] first
emphasized that the mesocolic plane was correlated with
DEFS and overall survival (OS) and a lower local recurrence
rate, showing a 15% 5-year OS advantage with the mesocolic
plane compared with the muscularis propria plane based on
univariate analysis, especially obvious for stage III patients
with a 27% survival advantage at 5 years. Poorer prognosis
was attributed to the intramesocolic plane and muscularis
propria plane of surgery, suggesting the indispensable role
of an intact mesocolon during CME surgery.

The number of harvested lymph nodes is critical for
tumor staging, post-operative management, and prognosis
[20]. Approximately, 25% of stage I and 1I colorectal cancer
patients passed away because of an unexpected recurrence
[21]. In addition to technical restrictions in examination of
the specimen, there is a great possibility that lymph node
metastases still exist in vivo. Thus, adequate lymphadenec-
tomy is associated with better survival. Our results show that
the mean number of lymph nodes harvested in the CMAP
group was 20.6 +7.7, which was not significantly different
from the control group, and consistent with other studies,
ranging from 19 to 32 [7, 19] .

While the surgical anatomy is simple in patients with left
colon cancer, the adoption of laparoscopic CME for right
colon cancer is still a challenge and it requires advanced skills
because of complex embryologic fusions and variable venous
tributaries, especially Henle’s trunk, which is the major reason

of intra-operative bleeding during surgery [22, 23]. Recently,
the use of CT vascular mapping has been proven helpful and
informative for colon surgery, indicating a high specificity,
sensitivity, accuracy, and reliability [24-26]. However, the CT
mapping is time-consuming and not cost-effective. Therefore,
we do not routinely conduct pre-operative CT vascular map-
ping for colon cancer in our center.

There are five tributaries that might join to Henle’s trunk:
anterior superior pancreaticoduodenal vein (ASPDV),
right gastroepiploic vein (RGEV), superior right colic vein
(SRCV), right colic vein (RCV), and middle colic vein
(MCV) [24, 27]. It is necessary to recognize the origin of
vessels before ligation to avoid troublesome bleeding. The
ileocolic artery/vein (ICA/ICV) is always thought to be ana-
tomically constant, which serves as a landmark to locate the
SMA/SMYV [28]; however, it is not easy for novices to locate
the vessel pedicle when variations exist. In one case during
the study, the SMV was mistaken for the ICV as the SMV
shared a similar course with the ICV. By performing CMAP
with a thorough exploration of surgical spaces, a disastrous
complication was avoided (Supplement Video 2). Based on
our experience, CMAP might be helpful for the following:

1) avoid the laparoscopic “leverage effect” and “tunnel
effect”;

2) make tributaries of superior mesenteric vessels more
easily recognized;

3) offer an alternative route entering the TRCS, IMS, and
RRCS;

4) avoid repetitive flipping of the colon complying with the
“no touch” principle, and lower the requirement of the
assistant.

Besides, the blood loss was significantly reduced in
CMAP (p<0.01; Table 2). This could be associated with
lower incidence of vessel related complications in CMAP
group, although no significant difference (2.78% vs. 5.65%,
p=0.35; Table 2). According to our results, we suggested
after fully exploring the surgical plane, it would be clearer
and more accurate to recognize all the vessel distributions
of the SMV/SMA before dissection and ligation.

CMAP is an optimized approach, which represents our
understanding of CME and related surgical anatomy. As
this study was retrospective with a limited number of cases,
the preliminary difference here might be affected by other
factors.

Conclusion
According to the results of this study, the CMAP was

safe and feasible for right colon cancer, and was an alter-
native approach for CME. Except that the blood loss was
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significantly reduced in CMAP group, there was no other
objective evidence of advantages of CMAP. However, we
found the CMAP was a reasonable approach especially for
patients whose surgical plane was difficultly recognized.
Further randomized prospective trials with larger samples
and long-term outcomes are needed to provide more con-
vincing results.
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